ABSTRACT The increasing penetration of photovoltaics, energy storage systems, and electric vehicles makes a new entity, named prosumer, becoming possible into power systems. Prosumers are agents that both consume and produce energy. Smart home, home automation technology, and the Internet-of-Thing (IOT) technology with a variety of integrated energy management components are becoming widespread. These technologies enable prosumers to optimize their electricity use considering their energy use and electricity market price information. However, since prosumers are connected at a distribution system level, without proper coordination of prosumers' energy schedule, bidirectional power flow problem caused by the high proportion of prosumers may arise. The problems include line congestions and voltage violations. To prevent the network problem, prosumers energy schedule needed to be managed by the distribution system operator (DSO). The resulting scheduling model contains large variable dimensions and has the risk of exposure of users' electricity privacy information. To resolve these problems, a unified quantitative model, named virtual storage (VS) model, is established for various distributed energy resources (DERs) within the prosumer. The prosumers' VS model is further integrated by aggregators (Aggs) agent. Then, the DSO combines the Aggs' VS model and two-way power flow constraints to determine the optimal day-ahead schedule of prosumers, using a centralized operation strategy. Finally, a modified IEEE33 bus testing system is used for case verification.
I. INTRODUCTION
With the increasing penetration rate of photovoltaic (PV), energy storage system (ESS), electric vehicles(EVs) and other new controllable loads in the distribution network, more and more traditional power consumers are gradually turning into a new role called prosumers(consumers are capable of generating electricity), which brings opportunities and challenges to the operation of distribution network. Distribution network planning in the early period did not take into account the rapid development of DERs, so that the peak load or reverse power may be higher than the equipment's capacity at the traditional distribution network planning phase which gives rise to the local congestion of distribution system [1] .
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The capacity expansion of distribution network can solve these problems to some extent, but it will face the problems of long expansion cycle, high cost and the idle rate of the distribution network significantly increased.
Therefore, researchers have focused on an alternative way of using flexibilities from prosumers which possess social welfare with environmentally beneficial and economically beneficial. With the increasing proportion of prosumers in the distribution network, its dispatchable ability is gradually enhanced. In addition, more and more users are willing to participate in the demand response to reduce the cost of purchasing electricity. Moreover, the rapid development of internet of things (IOT) technology which makes these prosumers can communicate and interact with others over the internet, and they can be remotely monitored and controlled. Applications of IOT into smart home, intelligent build, vehicle to grid scenarios have been largely studied. All of these create a favorable condition for DSO to manage the flexibilities of prosumers. In order to integrate the flexible resources and make the idle and small-sized prosumers with regulating capacity participate in the distribution network scheduling, new market subject concepts such as aggregators [2] , park operators and power retailers have been proposed recently.
How to obtain the most ideal economic benefit under the premise of ensuring the safe operation for the distribution network is the key to study the energy management of prosumers.
Up till now, the energy management for prosumers settled in active distribution network can be divided into centralized operation [3] - [6] and decentralized operation methods [7] - [13] . The centralized operation strategy implements the energy management of DERs by directly optimizing the scheduling model to obtain the power control signal. The decentralized operation method guides the middleman (such as Agg) to optimize the scheduling model of DERs based on the price signal. Reference [3] develops an optimization algorithm solved by genetic algorithm (GA) to coordinate the charging of EVs, considering the parking availability patterns, the load on transformers, voltage limits and thermal line limits. However, the heuristic algorithm [4] - [6] (such as GA) has the drawbacks of missing effective iterative convergence criteria to obtain the global optimal solution and the difficult to balance the computational efficiency and the quality of the solution. A time-spatial dispatching model for the distribution network guided by charging fees for electric vehicles is proposed in [7] . Reference [8] developed a transactive control method to implement charging scheduling for EV with the purpose of optimizing the charging cost of EVs in distribution network and preventing the transformer congestion problem. Voltage constraint is resolved in [9] , [10] . [11] uses the concept of distribution locational marginal price (DLMP). In principle, the method was based on finding Lagrange multipliers of the congestion constraints instead of solving a difficult global optimization problem. Considering the line limit violation, DSO develops DLMP to guide the optimization of EV charging for Agg. The authors in [12] further proved that the sum of the optimal solution of Aggs' sub-problems guided by DLMP is equivalent to the solution of global optimization problem of DSO. Reference [13] presented two benchmark pricing methodologies consisting of DLMP and iterative DLMP to achieve the cost optimal integration of flexible buildings, considering the line limit violation. Reference [14] proposed a distributed optimization based dynamic tariff method for energy management with controlled electric vehicles (EVs) and heat pumps (HPs).
However, in the existing work [3] , [5] - [14] on the quantitative model of DERs, most of them are limited to a single type of DERs, such as EV or HVAC, and a large scale scheduling of DERs can easily lead to problems such as the low computing efficiency [15] , the burden of big data communication [16] and the exposure of privacy information [17] , [18] for users, especially in the centralized operation methods. The above problems can be solved by packaging multiple DERs in an integrated form and then participating in the optimal scheduling of the distribution system. The research [19] - [21] provided a flexible integration quantitative method of DERs. In [19] , a VS model to integrate EVs cluster is proposed, and a two-layer bidding model based on mathematical problem with equilibrium constraints (MPEC) is established to develop a charging strategy of Agg for clustered EV. But the V2G mode of EV was not considered. In analogy to the ESS, the general VS model of HVAC installed in residential and commercial buildings is established in [20] . The quantitative model was established only for the same type of DERs, but not for prosumers which is composed of DERs with multiple types, and the proposed optimization scheduling model did not consider network constraints, in [19] , [20] .
To summarize, the research outlined above mostly considered a single DERs (such as EVs) as the dispatching target, and mostly did not take the reverse power flow problem caused by PV into account in the distribution network. In this study, the main contribution is two-fold: 1) considering the physical characteristics and power demand of EV and HVAC, a generalized VS model is established to describe their flexibilities and then being integrated via the Minkowski summation method; 2) then, a detailed energy management modeling method is developed for the DSO to centrally manage the prosumers' power schedule and keep the network operational constraints within the safe boundary. Note the centralized operation method is selected in this study, this is mainly because the method relatively fits better with the current power system operation, compared with decentralized operation method. For the proposed centralized operation method, we discuss the privacy protection issue, the communication requirements, the accuracy of the results, and the variable size of optimized calculation. Compared with the traditional scheduling methods, the scheduling strategy proposed in this paper can achieve the goal of maximizing social benefits by satisfying the safe operation of distribution lines, greatly reduce the dimension of variables, improve the computing speed, and protect privacy information of user.
The remainder of this paper is organized as follows. Section II provides the market structure and control framework to our research. Section III establishes the prosumer model. In particular, a general VS model is described for user resources and establishes an integration model based on Minkowski. In the section VI, we establish the day-ahead optimal scheduling model of prosumers. Numerical simulations are designed to demonstrate the effectiveness of the dayahead optimal dispatching model of prosumers in section V. Finally, Section VI concludes this paper.
II. MARKET STRUCTURE AND CONTROL FRAMEWORK A. OPERATIONAL STRUCTURE OF DISTRIBUTION SYSTEM
The distribution network changes from a single power distribution to a new type of power exchange system, which VOLUME 7, 2019 FIGURE 1. Overall structure of a distribution system.
brings new opportunities and challenges to the distribution market. Figure 1 shows a new operational structure which is composed of DSO, aggregators, EV owners, residents and other market roles in the distribution network. In the figure, the dotted line represents communication and control signals which will be enabled by the IOT technology, using smart sensors, embedded electronic devices etc.
Agg manages a certain number of DERs with high correlation, which may be a cluster of DERs close to each other in spatial distance such as a community or a street. As a bridge between DSO and users, Agg acts as a middleman who accepts the dispatching of DSO and controls the power of prosumers. The resources managed by Agg mainly cover user resources and distributed PV generation units. For user resources, Agg generates revenue by collecting the resource management fees of users. The business between Agg and users mainly includes the analysis of user resource flexibility, the installation of control and communication equipment and the provision of economic incentives for users.
Firstly, Agg evaluates the profitability of flexible resource scheduling by studying the controllable scope of load flexibility, the physical characteristics of load equipment and the limitations of users' electricity demand. Agg provides the valuable resource management services to profitable users. Therefore, this paper mainly studies two kinds of profitable demand-side resources, EV and HVAC. Secondly, Agg needs to be responsible for installing control and communication equipment on the demand-side for data reception, equipment control and data transmission. Finally, the energy management of prosumers requires users to hand over part of power decision-making rights, which will affect users' life comfort to a certain extent. Therefore, Agg can evaluate the effectiveness of participation in energy management for prosumers and give the corresponding rewards according to the measurement of power, transmission of control information and contracts signed with users. PV is increasingly installed in the distribution network due to its environment-friendly, access free from geographical restrictions, abundant resources and other characteristics. However, the excessive grid-connected capacity will lead to power quality problems such as the over-limit of the reverse power flow. It can be seen that Agg plays a particularly important role in ensuring the safe operation of distribution network and realizing the goal of PV absorption with maximum benefits through the reasonable management of PV resources. As the manager of local distributed PV, the main task of Agg is to predict the maximum output of PV power and sell the PV power to DSO. Agg obtains profits by managing and controlling the controllable PV under their jurisdiction to meet the safety operation requirements of the distribution network.
DSO is the main responsible party for the safety and economical operation of distribution system. DSO implements the management and control of prosumers through the information interaction channel between DSO and Aggs. DSO mainly considers the market price signal in the energy management of prosumers. According to the market price information in different periods, DSO can optimize the scheduling of prosumers, which can play a role as peak load shifting for the traditional loads. It can reduce the cost of distribution network expansion and delay the expansion investment. However, the result of power scheduling for prosumers with high permeability may also lead to ''peak-valley inversion'' due to the concentrated charging or discharging of prosumers, which may lead to the congestion of distribution network. Therefore, DSO needs to take into account the network constraints and the flexibility of prosumers to formulate optimal scheduling strategy.
B. CONTROL FRAMEWORK
Based on the operational structure described in this paper, this study proposes a centralized energy management framework of prosumers, as shown in Figure 2 . Agg integrates the feasible region of the users' electricity information based on VS model and reports to DSO. The maximum power of the local PV is also submitted to the DSO which is predicted by Agg. Combined with the two-way power flow constraints of distribution network, the DSO implements centralized optimal scheduling for prosumers, and sends the optimization results of DERs to Aggs. The Agg controls the electrical 57762 VOLUME 7, 2019 equipment according to the power control scheme provided by DSO.
The energy management strategy proposed in this paper above can obtain the maximization of social benefits by minimizing the cost of prosumers under the premise of satisfying the network security operation. The VS model and integration model applied in the control framework has great advantages in protecting users' private information and reducing the dimension of optimization variables. Therefore, compared with the previous models, the control framework in this paper can improve the computational efficiency and make the model applicable to a larger scale system.
III. MODEL OF PROSUMERS A. VS MODEL OF PROSMERS
The prosumers resources managed by Agg mainly consists HVAC, EV and daily load in this paper. In order to protect the electricity privacy of user and reduce the dimension of optimization variables, we use the general VS model [19] , [21] - [23] to quantify the flexibility of DERs (such as EV and HVAC), and establish the coupling relationship between energy, power and time. And then, the Minkowski summation form is used for the different types of DERs. The general VS model for a single resource is expressed as follows:
where, P min t and P max t are the upper and lower bounds of integrated power; P t represents the integrated power at time t; E min t and E max t are the upper and lower limit of the integrated energy; E t represents the integrated energy at time t; t is the length of each time slot.
The Minkowski summation form can be given by:
where, Z sum represents the Minkowski sum; Z (i) is a set of the power constraint for the type of DER i; P (i) is the power for the type of DER i.
1) VS MODEL OF EV
If the owner and EV are independent, EV can be regarded as a battery. Influenced by the living habits of EV owners, human factors have become an important part to be considered in the flexibility quantification of EVs. Taking account of the charging pile information, the habits of EV owners, the charging and discharging power limits of EV and other factors, a VS model is established to quantify the flexibility of EVs with V2G mode by using an extreme scenario energy analysis method. Note the VS model of EV in [21] only consider charging condition. In this study, we extend the method via considering both charging and discharging directions. The upper and lower energy limits of EV are shown in (5)- (8) . It can be seen from (9) and (10) that the upper and lower bounds of power are affected by the energy range in the corresponding period.
where, E EV max
and E EVmin i,t are the maximum and minimum energy of EV i at time t; E ex i is the expected energy of i-th EV owner when he leaves the distribution network. E min i,t and E min i,t are the energy lower limit pushed forward by the offgrid period and the energy lower limit pushed backward by the grid-connected period; To and Td are the grid-connection and off-grid period for EV, respectively. P min i and P max i are the maximum and minimum values of charging and discharging power for the i-th EV. P EV max i,t and P EV min i,t are the upper and lower power bounds of i-th EV at time t. We set up the VS model for EV clusters, and accumulate the boundary of VS model for each EV by using the integration form of upper and lower limits arithmetic summation, as shown in (11)- (14) . (14) where, E max j,t and E min j,t are the maximum and minimum energy of Ne EVs aggregated to node j at time t; P max j,t and P min j,t are VOLUME 7, 2019
the maximum and minimum power of Ne EVs aggregated to node j at time t; In summary, we can obtain EV aggregation form in the form of (1)-(3) based on VS model. However, due to the offgrid and grid-connection of EV, the power range of the integrated model in two consecutive time periods cannot achieve the coupling of energy and time. Therefore, the following Equation should be added to (3):
where, W i,t is the grid-connection situation of the i-th EV in time t. We set it 0 or 1 obtained by Montecarlo method.
2) VS MODEL OF HVAC
Although HVAC does not belong to the battery model, it has similar characteristics to the battery model when considering the physical characteristics of HVAC and electricity demand of users. In this paper, we adopt the VS model of HVAC reported in [22] . To easy the reading, we shortly describe the principle here, and the detailed method can be referred in [22] . Regarding the principle, on the one hand, the upper and lower limits of indoor temperature are equivalent to the lower and upper limits of battery capacity; on the other hand, causing the indoor temperature to the upper limit of user comfort is equivalent to running out the energy of battery; while the indoor temperature reaching the lower limit of user comfort is equivalent to the battery full of energy.
3) INTEGRATION MODEL
Minkowski is used to integrate multiple DERs as follows: (17) where, p
, and p load j,t are the integrated power of Agg, EV power, HVAC power and the power of fixed load at node j at time t, respectively; Z (EV) , Z (HVAC) and Z (Load) are the power feasible region of EV,HVAC and the daily load.
B. PV MODEL
For the distributed PV, Agg can predict the maximum output power p max pv of PV cluster at each node according to the installed capacity, temperature, weather type and other environmental information. During the optimal scheduling of PV active power output, the active power output constraint is given by: (18) where, p pvj,t is the actual active power output value of PV in time t at node j.
IV. UNITS ENERGY MANAGEMENT MODEL OF PROSUMERS A. OPTIMIZATION PROBLEM FORMULATION 1) OBJECTIVE FUNCTION
The DSO use the forecasted day-ahead (DA) spot prices based on the historical data and forecasts for the next trading day to optimally schedule their prosumers who are willing to accept the scheduling before participating in the DA market. However, the power purchasing and selling submitted by DSO to the DA market will have an impact on the market clearing price. In order to take this effect into account, this paper chooses a linear market price model [24] that relies on the total power demand of nodes to predict the clearing price.
The DA spot price model is shown as follows:
where, β represents the sensitivity coefficient of active power demand to the node electricity price which can be estimated and predicted through historical electricity price data [24] . c t and p t are baseline prices of day-ahead market and active power demand of prosumers at time t predicted by DSO, respectively. Considering the economic benefits of the entire distribution network, we aim to minimize the electricity cost of all Aggs. The electricity price model in (19) is adopted, then the objective function form of DSO direct control model is as follows:
The first item of the objective function represents all the electricity costs of the user resources and the second item represents the profitability of PV generation.
Considering that the share of EVs is smaller than that of fixed load in the distribution network. The EVs are able to supply all the electricity released at the discharging time to the internal user resources of Agg, such as supply to HVAC. Therefore, the following relation is obtained:
where, Nt is the number of time periods; t is the length of each time slot; B is the price sensitivity coefficient matrix; Na is the number of Agg in the distribution network; i is a collection of distribution network nodes connected to user resources managed by Aggi. i is a collection of distribution network nodes connected to distributed PVs managed by Agg i. p c i,j,t and p d i,j,t are the consuming active power and producing active power controlled by Agg i at time t at node j respectively, which DSO needs to buy and sell in the day-ahead market.
2) CONSTRAINT CONDITION
The constraints of direct control model mainly include prosumer resources constraints and safety constraint of distribution lines. The prosumer resources constraints has been modeled in detail in section 3, as shown in (1) - (4) and (18), which will not be repeated here.
It is indicated that the DC optimal power flow can provide sufficient accuracy and good convergence in solving the optimal scheduling problem of distribution network in [25] .Therefore, the line constraint are modeled based on DC power flow in this paper.
where, D is the power transmission distribution factor; F max l and F min l are the upper and lower limits of the active power at branch l.P t is the total injected active power matrix at time t at each node; E c i is the resource connection point to bus mapping matrix of users' resources for Aggi; E d i is the resource connection point to bus mapping matrix of PV for Aggi.
B. THE EVALUATION INDEX OF SCHDULING RESULTS
In order to evaluate the effect of network bidirectional power flow on prosumer energy management, this paper introduces the concepts of forward and reverse load rates. For radiant power distribution network, it is stipulated in this paper that the load side pointing from the power supply side is the positive direction of power flow, and the load side pointing from the power supply side is the negative direction of power flow. The forward load rate is defined as follows:
The reverse load rate is defined as:
where, F + l and F + l are the forward and reverse load rates at branch l,respectively.P linel is the power of the branch l.P line max l is the upper limit of the power at branch l.
V. SIMULATION SETUP AND RESULT
In order to verify the effectiveness of the optimization scheduling model proposed in this paper, it is assumed that the EV and HVAC contain only one parameter version respectively in the distribution network under the jurisdiction of DSO. We ignore the uncertainties of EV, PV, HVAC and daily load in prediction. In this paper, the centralized DSO energy management model is solved by means of Cplex solver and Yalmip toolbox in MATLAB. Case study was conducted using the modified IEEE33 distribution system. The distribution system structure and distribution of prosumers are shown in Figure 3 . For the convenience of analysis, it is assumed that each node with HVAC or EV has an Agg responsible for user resource management, and each node with PV has a PV agent responsible for the energy management.
The voltage level of the distribution network is 12.66KV. The starting node of the line is the node close to the side of the main network, and the line is numbered by the terminal node of the line. For example, line 1 is node 33-1. The power limit of line 1-24 is 4500kW, and the line limit of line 25-32 is 1500 kW. The modification of IEEE33 is mainly in the aspect of load data. In addition to regular load, EV, PV and HVAC are also in the load side. This paper mainly considers three scenarios for prosumer: parking lot (EV, regular load), residential or commercial building (HVAC, regular load) and distributed PV (PV, regular load). This paper selects every 15 minutes as a scheduling time step and conducts optimal scheduling from 12:00 to 12:00 the next day. So the 24-hour scheduling period is divided into 96 periods. The basic electricity price predicted by DSO based on the historical data in the day-ahead market is shown in. Figure 4 . The fixed load data at each moment of node 1 are shown in Figure 5 . It is assumed that the trend of fixed load of all nodes over time is the same as that of node 1. The iterative coefficient α µ t is 1e-4. The sensitivity coefficient of price is 1e-4DKK/kWh2. We chose the BYDE6 with a battery capacity of 64kWh. Relevant data of ambient temperature and HVAC comes from references [20] .
A. BRANCH POWER FLOW
The power distribution for the energy management of prosumer resources at each branch is shown in Figure 6 . Combined with figure 4 and 5, the peak of daily load is at 20:00, and the valley of daily load is at 3:45. The level of baseline prices also reflects the peak and valley change of fixed load to a certain extent. When only considering the economy of prosumers to implement energy management, the resource scheduling results of DERs in low electricity price charging VOLUME 7, 2019 and high electricity price discharging has the effect of cutting peak load and filling valley for fixed load. However, due to the centralized charging of a large number of prosumers, the line power out-of-limit phenomenon occurs in a low or normal period of the fixed load, such as the load peak of line 1 at 18:45. As can be seen from Figure 6 (a), the maximum positive power of the branch is 5123kW, and the maximum negative power of the branch is -1683kW. The scheduling result without considering the network constraint causes the bidirectional congestion problem of the distribution network. The scheduling result considering network constraints is shown in Figure 6 (b). The maximum positive power of the branch is 4500kW, and the maximum negative power is1500kw. It gives a good consideration to the economy of prosumers as well as the security constraint of transmission line.
Combined with Figure 6 , it can be seen that the maximum positive power of the line mainly occurs at branch 1 (node 33-1), and the maximum negative power mainly occurs at branch 29 (node 28-29). Therefore, this paper mainly shows the power with/without two-way power flow constraint for branch 1 and 29 in Figure 7 . Figure 7 (a) shows a prosumer scheduling result of alleviating the forward congestion of distribution lines. Due to the centralized charging of prosumers, the forward congestion problem occurs at branch 1 at around 19:00, and the load rate of the line 1 exceeds 100%. Figure 7 (b) shows a prosumer scheduling result of alleviating the reverse congestion of distribution lines. Without the network constraint of DSO, Agg hopes to sell the PV on the day-ahead market with the maximum profit. For this reason, from 12:00 to 13:00 at branch 29, there will be a reverse congestion phenomenon caused by the high-power backflow of PV. Under the network constraints, the over-limit power from economic dispatch results of prosumers is ultimately limited to the boundary of network security operation. Figure 8 shows the power and energy state of the VS model for the aggregated EV of the 13th node obtained by applying the proposed prosumer energy management method in this paper. It can be seen that the power and energy boundary of 57766 VOLUME 7, 2019 EV cluster which consist of 20 EVs based on VS model are mainly related to the grid-connection and off-grid situation of EVs. Because some EVs have enough energy to discharge first and can still reach the desired energy when off-grid, the lower boundary of energy rises firstly and then falls at 16:00-24:00. From 24:00 to 12:00, the rise and then fall of energy is the result of EV charging until successively off-grid. Combined with the electricity price curve, it can be found that the EV cluster chooses to discharge at the peak period, and to charge at the valley period under the influence of the peak and valley electricity prices. From 7:00 to 9:00, it is the peak electricity price period, and the EV is gradually off the grid, so the power and energy curve starts to decline gradually until all the EV are off the grid at 12:00, and the charging and discharging power is 0. Figure 9 shows the power and energy state of the VS model for the aggregated HVAC of the 6th node obtained by applying the proposed prosumer energy management method in this paper. The process of indoor temperature rise caused by environmental temperature is equivalent to the discharging of VS model, and the process of indoor temperature decrease caused by environmental temperature is equivalent to the charging of VS model. Due to the influence of ambient temperature, the upper and lower limits of the VS model also have synchronous fluctuations. Therefore, the power change of HVAC cluster also shows the same trend. Besides, The VS model of HVAC would prefer to ensure more battery charging in the low electricity price period and less charging in high electricity price period, which not only ensures that the indoor temperature is maintained within the dead zone temperature range, but also achieves the purpose of the lowest electricity cost. So there will be a power step phenomenon in the alternation of high and low electricity price. Figure 10 shows the dispatching results of user resources managed by Agg at nodes 3, 6 and 11.
B. THE VS MODEL PRESENTATION
C. PV OUTPUT Figure 11 shows dispatching results of PV resources managed by Agg at node 1, 31 and 32 respectively. It can be found that large reverse flow of distribution network has not occurred at node 1 and node 31 due to the small installed capacity of photovoltaic, which does not affect the safe operation of distribution network. In order to maximize the benefits of PV units, the PV output of nodes 1 and 31 will be purchased by DSO. Therefore, in Figure 11 , the actual PV dispatching results of node 1 and node 31 coincides with their maximum PV output curve respectively. However, the PV output of node 32 is larger than node 1 and 31 during 12:00-16:00 because of large installed PV capacity and adequate irradiance. Referring to Figure 6 (a) , the large injection of PV output at node 32 results in too much reverse power of some branches, i.e., reverse congestion of distribution network. Thus, the PV output of node 32 is not able to be fully generated during 12:00-16:00.
VI. CONCLUSION
From the perspectives of the prosumer resources electricity privacy information and reducing the large-scale operation cost of day-ahead optimal scheduling for DSO, this paper analyzes the energy management strategy which take into account the network bidirectional power flow constraints for prosumers using a centralized operation strategy. Taking the modified IEEE33 distribution network as an example, we present a day-ahead scheduling with the minimum electricity purchasing cost of DSO. The main highlights as presented as follows:
(1) The flexibility quantization problem of prosumer clusters is studied. Taking EV and HVAC as research objects, a unified VS model was established and then integrated by minkowski, which greatly reduces the dimension of optimization variables of prosumers.
(2) Considering the bidirectional power flow constraint, the energy management method of prosumers is established by centralized operation strategy.
(3) Compared with the previous scheduling methods, the proposed scheduling strategy can greatly reduce the variables dimension of prosumers, improve the computing speed, protect users' electricity privacy, and achieve the purpose of maximizing social benefits with the two-way power flow constraint in the distribution network.
(4) The correctness and effectiveness of the proposed energy management strategies are verified by the modified IEEE33 distribution network.
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